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(57) Abstract

An isolated DNA molecule comprises a DNA promoter sequence which directs root cortex specific transcription of a downstream
heterologous DNA segment in a plant cell. A DNA construct comprises an expression cassette comprising, in the 5° to 3’ direction, a
promotzr of the present invention and a heterologous DNA segment positioned downstream from the promoter and operatively associated
therewith. Transformed plants, such as tobacco plants, comprise transformed plant cells containing a heterologous DNA construct comprising

an expression cassette as described above.
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ROOT CORTEX SPECIFIC GENE PROMOTER
This invention was made with government support
under Grant No. MCB-9206506 from the National Science

Foundation. The government may have certain rights to
this invention.

Field of the Invention
This invention relates to tissue-specific gene
promoters, and particularly relates to a promoter which
is active in the root cortex of plants.

Background of the Invention

A promoter is a DNA sequence which flanks a
transcribed gene, and to which RNA polymerase must bind
if it is to transcribe the flanking gene into messenger
RNA. A promoter may consist of a number of different
regulatory elements which affect a structural gene
operationally associated with the promoter in different

- ways. For- example;”"a~ regulatory ~g&nes may ~€nhancé or
‘repress expression: of. ‘am\:asgsociated"tstructural gene,
_subject that..gene .t . .developmental regulation,: or

contribute to the tissue-specific regulétioh St €hat
gene. Modifications to promoters can make posglble
optlonal pacterns of gene expre551on, using recompynan;
DNA procedures See, e.g. f«Old and Primrose, P{}ﬁei es
of Gene Mani tion (4th Ed~u 1989) ”;:j o

. One example of a plant promoter is the promotef
found flanklng the gene- for'ﬁhe small subunit rlbulosed
1,5- bzsphosphate carboxylaselln Petunia. See U. S Patenﬂ
No. 4,962,028. Another example 1s the promoter whch
compriées the 5’ flanking reglon of the wheat Em QEné
See EPO Appin No. 335528=x Stlll another example 19 thé
stress-inducible regulatory element disclosed .4n EPO
Appln. No. 0 330 479. wuy.» ¥ :

aoisy o racd
1o e 3
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Despite their 1mportant role in plant
development relatlvely llttle work has been done on the -

PP

regulatlan of gene express1on in roots.. In part the
def1c1ency results from - a...paucity of. . readily

-

éh 1dent1£1able, root specrflc b;ochemlcal functions whose

genes may be easlly_cloned and studled ) Evans et al.
_Mol.' Gep..__ Genet. . 2;.4, .153-157 . (1988),_ trled
unsuccessfully to“asolate root specific cDNA clones. from
pea, concludlng ‘that root -specific mRNA. specxes - (if
i0 presentf Vare' only present at a very low level of
abundance in the .root mRNA. pODulatlon. Fuller et al.--
Proc. Natl..Acad. “seil USA 80, .2594-2598 (1983), have
cloned and characterlzed a number of root nodule -specific

. PR “Ls

genesf B} Compar;sons of the DNA. .sequences 5’ of the

cm R : e e PR -

15 ° 1n1t1atlon . of transcrlptlon reveal ;a repeated
Jo.mnt . RS ¥ . N ..

octanucleotlde present Ln the three genes - examined.,

) Unfortunately, _ thep, lack . of,_ eff1c1ent

' transformatlon/regeneratlon,systems foz:most Legum;naceae

26 sequences. ,Bogusz et al.,}Nature 331 178 180 (1988),
e :.solated‘a haemoglobln _gene expressed snec:.f:.cally in.
j:roots of non nodulatlng plants by ;ts homology with the

haemoglobln gene of closely related nodulating sSpecies.

S -

Kelléer and Lamb Genes & Dev. 32, -1639-1646. . (1989)
25 1solated a gene encodlng a cell wall.hydroxyprollne rich
: _glycoproteln expressed durlng 1atera1 root 1n1t1atlon.
J”:Lerner and Ralkhel Piant Phys;oletSL, -124-129 (1989),
'recently reported the clonlng and characterlzatlon of a

barley root spec1f1c lectln.

13

I S LI S

pvl

39_’ _ o Many plant pathogens and pests .damage plant

. roots, causzng serlous crop damage and loss.,rThenroot
' tlssue most often damaged is the root -cortex, a..layer
7,composed prlmarlly of storage parenchyma which underlies

_ the epldermls layer and surrounds .the central -vascular

.4-. .-

35- cyllnder of the root..,The root.cortex may addrtlonally

LA

contain schlerenchyma, secretory cells, resin ducts and
other structures and cells types. The cells of the root
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- cortex exhibit " morphologlcal ‘an”d ‘ developmental
similarities w:.‘th cortical cells of the aerlal shoot

TS~ impart useful tralts to' plants by the

express:Lon of forelgn genes u51ng genetlc englneerlng

5 technlques, a- var:.ety"b‘f tiSSue speclflc promoters w1ll

be reéqguired to"aIlow new” trait®  to be expressed

selectlvely in' the :apprbp‘g::.ate“plaﬁt tlssues " The
'~ présents 1nvent10n““"’i's““ba‘sed‘ qupon 'jb'iir’: contlnulng

1l investigations in- - conhedt ioh w1tﬁ this proBlem

2

-n fawzl wesl -, 3 "s zsmat:izg ¢lrz e TrnoEug
ir z2 il Y, gt L LIiiENTLILL
10- == ~-* 2= < 'Smﬂna;& of the Inven‘Eion =
e -, IS R R A » ) . rrets e
zrred VL2754 The- preSent 1nvent1 TS based  on the

1d':eht:.fg.c‘a‘tlon “of T the tobaccoz RBZ :TTobRDz} promoter,

-o,« =T St

2= 1

* Y which © dlrec s*'root cortex spéc:.fic express:x.on of

1‘1

- “'J'v ---,..-,_-,~F-, = .:':‘—,::i- ..... oo
" associated genes. A “first” aspect ~of the present

15" ‘1nvent1c§n 1s an igdlated DNA molecule which dJ.rekc%s~ root

T cortex pe‘c‘iflc :’tr‘anscrlptlon ‘o‘fv - "a‘ - downstream

[

= ‘het.'er’o-logous DNA segmenE 1n a —plarrt ceII the 1solated

&80 s ---,,_‘,.

=74 DNA moledu‘le hav:Lng a' sequence selected from ‘the group

..... ~ o

e consn.sting of" (a) SEQ I5 Nosti- 9 prov:.ded here:.n, and (b)

B L ST -,.l

20 DNA SequenCes wh:.ch hybrldlze to any “of SEQ ID NOS 1-9
- re - - 230

under stringent‘ 'cond:.tlons, and wﬁlcﬁ d:Lrect root cortex

spec1f1c tranScriptlon of -a downstream heterologous DNA

segmenf in~a plant cel'l =7

L™ < s Jal Tl LI

-~
“ . - -
e -

A f‘drtﬁef as’p‘ect of the ‘present. :anentlon 1s an
25 express:xon casSétte Comprislng a Tobacco IQD2 promoter and

a heterologous‘ DNA‘ segment pos:.tloned‘ downstream from,
_____ e ey

and operatively assotiated with, ‘the promoter. T T

A further aspedt of the preserrt 1nventlon is an
expression’ cassette c0mprlslng ‘s oot cortex spec:Lflc

30 promoter” and a” heterologous DNA ségmént, the sequence of
the root cortex °spec1f1c promoter selected from” SEQ 1D

‘<-NOS:1-9° prov;.ded "herein,”  and’ DNA sequences which
. ‘~'hy'b"ridﬁi~ze ‘to ‘any of SEQ- ID ‘NO§:1- 9 under strlngent

‘conditidns, and whlch dlrects“r00t cc.'Srtex' spec1f1c

2~ . et o o ce - -

35 transcrlpt:\.on S LT - Tt ToTE
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. Further aspects of the present. invention are
plant cells _containing the above . described expression
cassettes methods of maklng transformed plants from such

i‘ plant cells, .and the transformed plants comprising such.
5 transformed plant cells. : ; .-

PP - -

) Brief Descrlgtion,of the Drawxngs i
Figure 1a shows in situ localization. o‘ Toebacco

‘ anz transcrlpts 1n a transverse section of tobacco .root

=y

‘rom a seven day old seedllng . e e

10 ’ Figure lB shows 1n.51tu locallzatzon.oF Tobacco
RD2 transcrlpts in a long1tud1nal sectlon of tobacco root
from | a_ seven day. old seedllng

e a F;gure 2 1s a, 2010 base palr sequence (SEQ ID
'NO 1) of the‘S' reglon of TObRD2.

15’ “Pigure 3 is a schematic showlng'lthe TobRDZ
promoter/glucurodlnase (GUS) constructs used to test the
‘ ablllty of the RDZA promoter o dlrect . Xoot . .cortex
spec1f1c gene expresslon,"

- -

—- . - - ...-.,4-'._0 - -~

s vene o - T

F;gure 4_ is»“av bar graph summarlzlng B~
20 glucurodinase (GUS) activity in roots (solid bars),
leaves (stlppled bars) and stems (dotted_bars) of plants

transformed w1th chlmerlc reporter gene constructs, as
prov1ded “in Table 1 The,graph showe,actzvrty among

) plants :transformed Wlth gene constructs-.utlllzlng
25 dlfferent promoters. (CaMVBSS .a2. OQJ,Al 50; 41.40; al.25;
" 40.80; 40.70; a0.60; ao0. 30) and_utilizing the vector
pBIlOl 3 alone as a, control. . GUS activity was measured

1n pmolMU/ua proteln/mln.

“”. L Flgure S5A is a barquraph summarlzlng the
362'relat1ve B- glucurodlnase (GUS) activity in. roots and
o 1eaves of tobacco plants transformed - with. chimeric
reporter gene;“constructs _using:'different promoters
. (Canyass 42,00;_ a1.50;. a1.40; al.25; 0.80; a0.70;

”;2A0 60 ;AO 30) and ‘utilizing the vector pBI10l.3 alone as
35._awcontrql .as prov1ded in Table _1. GUS: activity was

1]

- - . .- . - Y .- e . - -
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measured in pmolMU/ug protein/mﬁn, “ana the relative
activity shown is root act1v1ty/1eaf act1v1ty ‘ '

Figure SB° is” a bar graph summarlz:.ng the
relative g- glucurodlnasé‘ (GUS) acf:lvz.ty “in roots and

5 stems of plants transformed w:.th‘ ‘chiméric reporter gene

constructs us:Lng different promoters (CaMVBSS 42.00;
21.50; 413407 a:785; %07 ao-—Lw—vo —-so-eo 20.30) and
"utilizing ‘the < vector pBI:LOl“3 alone ERS a control . as

sttt - .

“provided i Table® 1. ¥7%Gus 3 actlv:LEy ‘was’ measured in

10 pmolMU/ug prote:.n/mln, and‘*the Yelative act:.v:.ty shown is

15

20

- réot actlv-lty/stem act1v1ty zouds ELoeTigad

e Flgure “BA CisT H photomlcrograph show:.ng ‘the

T s a- - =L ~y.

histochemical localizatidn ™ &f T;”'US‘“ act1v1ty in a

-~ v pia v
] - e

transverser Sectidn of 'root Cf:’:‘om a ~ tobacco plant

:("“"

transformed with a reporter gene ('GUS? drlven by the a2. 0.
: promoter TEeeE

».Lv,.’ PIRpp: o2 F = - ‘3'7'-. -

‘ s e .

T s '“Fi‘gxire ‘6B TS a- ‘p‘hotomlcrograp"h show:Lng ‘the
histochemica¥ YTotalizaticn 'of eus act:Lv:Lty 1n a” root tlp

SETTUNE ee. T LoDl <Z

from a tobacco plant transformed’ wrt:h EW reporter ‘gene
N kS
(GUST - driveh by *Ehe A2 0 promoter 3L

- . vem 3 i =~ T .
B el dad Tt LI TAT LT L
P o § PURvE e ST IIZTE LT

n

Ce SEL L

‘Detafled Dgscfn.g‘t:.on of; the Invent:.on

30

35

Nucl‘eotlde 's‘e‘quences are presented hereln by
single strand‘ bnl*y, fa- the 5" to’ 3' dlrectlon, from Teft

e - el diadi

to ‘right .- - - Nut:1EOt1des are represented hereln in “the _
" manner - recommended by the*" IUPAC IUB Blochemlcal
] ‘ . n -~ -’ . i
" "Nomenclature- Conmss:.oh s AR

o~

Transgenlc plants expre551ng peptldes that

inhibit or kill a particular- pest or pathogen prév:Lde a
'“ method for decreasing crop damage and 'ZLoss For example,
expression &f ‘the Baciilus'™ thur.lﬁg.lens.ls proteln in
transgenic corn i provzdes resistance to the European corn
bore. uowever, ‘transgene expression in ailtl tlssues ‘of a
plant (constitutive expresslon)' is diSadvantageo{;srﬁas it
can expose non-target drganisms to the" transgenic pro‘teln
and in addition increases the se:iect:.ve pressure “for the”

development of pathogens and pests which are resistant to
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the transgenlc prote:.n. High . levels of transgene
expresslon throughout a plant may also negatlvely affect
growth and yleld of the plant._ An alternatlve strategy
1s to express a toxzc pept;de only in the organ or tissue
affected by a part:.cular, e pest . Or. pathogen.
Implementatlon of .this _strategy - agalnst pests and
pathogens that attack plant roots.has been. hampered by
the lack of characterlzed,root Sp&lelc promoters.-. -

- Transcrlptlon of .a..gene is.initiated when a
stable complex is formed between RNA polymerase-enzyme
and a gene promoter. Promoters occur at the.beginning of
all transcr:.ptlon un;.ts, axe typlcally- -about.. 100. -base
pa:Lrs 1n length and are located 1mmed1ately upstream

, from the start s:Lte of transcrlptlon. See -€-g..,. Maniatis

T et al.,_Sc;ence 236 1238 (1987) .. Promoters:vary in their

’ 'strength' . that J.s,~1n the;r ab:.llty to accurately and
R S

_—.‘...-J_-f

_i eff:.c:.ently 1n1t1at'e transcrlptlon. 'jI‘he RNA polymerase

20

holoenzyme is thought to cover a ,reg:.on of about 50 bases
J.mmed:Lately upstream of the transcrlbed region.. .In.some

. cases the strength of. transcr:.pt:.on initiation may be

enhanced by aux:.llary proteins. that_ bind adjacent to the
req:.on of the prcmoter cwh:.c:h is. 1mmed1ate1y upstream. from

... the trapscribed DNA.. See, e.g., Singer & Berg, Genes and

25

30

-

5
53

o

3.5

.CA (1991)

Genomes, 140-145, University Science. Books, Mill Valley,
. Speclflc exa,mples of . root cortex spec:.f:.c
promoters .of the. present . 1nventmn -are DNA. molecules

; whlch have a sequence correspond:.ng to .any one of those

shown in SEQ ID NOS .,1-9, all of .which .are discussed in
greater detall below - It will-be apparent that other

.s_equen\ce _fragm_ents_. _from ;the.; Tobacco- RD2 5’ -flanking

region, longer or shorter than the. foregoing - -sequences,
-ox wrth m:Lnor addz.t:.ons deletlons, or substitutions made

_root, c_orte_x speclf:_Lc _promoter,_ ._all_ of whlch- are included
--within the present-invention. --A.further. aspect of the
-present invention. includes promoters isolated from other

PCT/US96/12158



WO 97704261 PCT/US96712158
-7-

tobacco genes, or from plants other than tobacco as set
forth below; which are homologous “to’ the tobacco RD2
promoter - and are - capable of directlng Foot cortex
specific transcrlptlon “of & downstream heterologous DNA

I X, -~

5 segment in a plant celI“""‘“§ = v R

‘As- used hereln, a TbbRDZ‘promoter'refErs to a

DNA- molecule hav1ng sequeﬁéé —1dent1caivato) or
substantially homocltoddus to"a cdﬁtihuous segment ‘of the

DNA found'S“ to the'tranSCrlbed regloﬁ “SE the tobacco RD2

FO ‘gene:--SEQ- "IDNO%:1 glven‘hereln'provideS'Ehé sequence of
. the 2-kb- region'found Immediateiy 57 to thE‘lnltlatloh of
i 'transcrlptlon “in the TSBRDZ - gene s TobRD2 promoters

S~z Azma

1ncludé the“at least ‘the 100 basé pair reglog, the 150
base palr reglon,'or preferably the‘ébo Ease‘;alrvreglon
15 immediatély 57" ‘to the TobRDz transcrlbeJ reglon,,and-
drrect‘root cortex spec1f1c expres51on - As uSEdhhereln,

44444 .

regions that‘are 'sﬁbStantlally homologous' are at 1east
75%, and" more preferably are BU%;:bg%, ‘90% or even 95%

. = c SR TG VoEIALTEE
.- Zhémologoug i< T s Tt T o L !
20 =¥ 1--"—As used.hereln,ga‘root cortéx spec1f1c promoter
an*opef&thely assofiated gene in rOOt cortex tlssue as
.. compared to express;cn-ln leaf or stem‘tlssue or other

.- .
Y e oo -

tissues of the root® L
25 Root cortex SpElelC promoter seQuences from
. other plants imdlude “those Wwhich are at least about 75
percent homél'cgous-(and more preferably 80%;'85f, 90% or
even 95% hOmologous) “to " the ‘approx1mately 100 ° base
segment of the ‘Fobacco RD2 promoter 1mmedlately upstream
30. of the trahscribed DNA region, 4nd®which are capabIe of
directing Troot--tortex specific -transcrlption ‘of a
downstreéam  h&terciogous DNA - segment in a- plant: cell.
Root cortex-specific promoters from oiher plauils iliclude
-thosé whichZaré-at-least about-75" percent ‘homologous (and
35  more preferably-B0%;<85%, 90% or-even-95% homologous) £
the continuous portions of the T6bRD2 promotexr as ‘defined
herein ‘by. SEQ ID NOSi-1-9, and which' are “capable of
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directing .root cortex spec1f1c transcription of a
downstream heterologous DNA segment in a plant cell.

ngh strlngency hybrrd;zatlon conditions which
o will permlt homologous DNA sequences to hybridize to a
s- DNA sequence as‘glven herein. are. well known 4n the art.
| For exampled hybrldlzatlon of. .such sequences -to DNA
dlsclosed herern may be_¢arried.out in 25% formamide, 5X
‘SSC,'SX Denhardt s, solutlon, with 100 ug/ml- of:-single
_ stranded DNA and 5° dextran sulfate at 42°C,-:with wash
10 condltlons of 254-formam1de, -5X.-88C,;-0.1% SDS, at_42°C for'
N 15 mlnutes, to,allqw hybrrdlzatlon of seguences of -about
60* homo}ogy . More strlngent condltlons are-represented

15 hybrldlzatlon assay (See Sambrook et al - Molecular
: Manual .(2d Ed.. ;QQQL{ColdWSpring

Harbor Laboratory)) In general plant. .DNA . seguences
_ which code for root cortex. spec1f1c.promoters and which

hybrldlze to the .DNA. sequence .enceding. the.tobacco '‘RD2
20 root&cortex spec1f1c promoters disclosed -herein will be:
. at least 75 .80%, 85%, 6 90%. ,0r even .95% homologous or
more w1th the sequences.oi the  DNA : encodlng ‘the :tobacco

RD2 root cortex spec1f1c promoters dlsclosed herein._

i ) Root cortex spec1f1c promoters _of the-present
25 1nvent1on__are_ useful .directing - tissue specific

express:.on of transgenes ;.n -transformed- plants.. -Such
.. tlssue spec1f1c_ transgene expre851on_~is useful in
.prov1d1ng re51stance agalnst -Gamage -caused by pests and
pathogens whlch attack plant . roots. .In addition, as the
30 . root cortex is, a - major sink. organ . for. photosynthate
Li storage, express;on of transgenes designed to _alter the
. stored carbohydxates may be .directed by such promoters.
A Exogenous genes . of partlcular 1nterest for root-cortex

.. spec;frq expre551on include those that-code -for proteins
35, that blnd heavy. -metals. (such as ‘- metallothionein);

-t

. protelns that give resmstance to soil borne pests-and
pathogens, proteins that“conﬁer;reslstanqe to heat, salt
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(salinity) and drought proteins for desah.nlzatlon and

protelns that metabolize ‘plant storage coxﬁpounds into
alternative preferred- products or forms.

Tissue specifitc promoters may a].:so".b‘e us"e'd' to

5 convert pro-pestidides to active forms 1n selected t:.ssue

‘sites. :'Hsw €t al:' Pestic.”Bci. 44’ ‘9 (19‘957 report the

use-:of - a chimeric-3 *gene r_'ompris"‘ng Ehe » root spec:.f:.c

~ -

-. .promoter- TobRB7 and- “the 8- gh:curonldase enzy‘me gene, to

v—;

“::ipreferentially "cohVert-a pro pest1c1dé to “&n actlve form

10< :in- reots.: ~‘Thé inactive - pro pestlcid‘e“ & gI‘ucuronJ.de of

-z Hyd¥oxymethylokamyl? - was*applred te fo’l:.age and was then

- . .transported: t‘hrongh plant‘ phloem t’o"r'oots whe':':é" it was
com?erted ‘té an-active- nehatocrdal form by g'lucuronldase

"o - ~a°ms

== 2. 72T Additionatly, - root cortex spec:Lfn.c promoters

ﬁ_pa,‘--

15: are -useful’ for hlstolo‘glcal purposes 1aent1fy or

an o -

stain root\acortex t:LSSue ‘usrng a‘reporter 'gene"sﬁch a"s B-
-i‘c":u‘ Lo A' £~-=“.,._ =

=2 glucdrodinase- -~ - <'7ESE O o -oEe

=:~\ -

S.¥ 2mL LL3PhET term © "opératively ‘ASsocinted ,as used
Tllhefeiny re¥ers€o ENA ‘sequences’ contalﬁed 'w:LtEiﬁ*a sn.ngle

e

20 DNA moleciile ‘wHich' are associ'ated 56 that the~ functlon of

>7 3 PET Lo E

one is "dffécted -’by the other Thus, a prorrioter is
-:. operatively‘associated with a ‘g‘e‘ne ® wheén 1t i ‘lc“a'pa‘b’le of
affectifg the expression of ‘that’ gene {i.e. ,‘ tHe gene is
~undér *the tra‘nscrlptlona’l‘ cont‘rol of the promoter) The»

,.

25 pzomoter is said-to be’"upstream" “from the gene wh:Lch is

in turn Said td be" "downstream" from" the promoter

(I

r =

DNA constructs, or “eXpress:LOn cassettes, " of
ithe present invention 1nclude, 5'237 iA"the élrectlon of
t¥ansc¥iption,- a prombter of“ the- present :anentlon, a

30 heterologdus DNA- -Segment’ operatively asSociated w:Lth the"
- promoter; - &nd,’ opt:.onally,“ trahscra.ptlonal “and
translsatienal . termihation - regIons sucn as " ~f:erm:l.nat::n.on

~

53ignalt and a puxyauenyranon ‘region. T all ot these
.regulatory regions should be capable of operat:.frrg it the
35 transformed *cells. --The 3’ termination reglon Ynay bée -

: derived from the -same’ gene “as “the trans’cr’:.ptlonal

-

initiation region or’ f¥om a different gene.' % T°
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, . Plants may be divided into those lacking
chlorophyll (such as: fungl) ;and _those containing

"chlorophyll (such as green algae, mosses), and further

-d1v1ded 1nto those contalnlng chlorophyll and having
S”_vascular tlssue (such as ferns, gymnosperms, conifers,
 monocots, _and éiééés) , The' latter . group of plants
1ncludes those in whlch roots,ystems and leaves may be
presentt_ As used hereln, the term plant' encompasses
all such organlsms descrlbed above.g As used herein, the
10__term"natural plant DNA' means DNA 1solated from none
genetlcally altered _Vor“ untransformed plants (for
example plant-varletles whrch are. produced by selectlve
breedlng) o o

N . - . . -~ - ~ -

As used hereln,‘the term heterologous gene or
5 heterologous“DNA segment means a gene (or DNA segment)
::whlch 1s4used to transform a cell by genetlc englneerlng
'technlques, and whlch may not occur naturally in the
cell Structural genes are those(portronskof_genes whlch
comprlse a DNA segment Codlng for 8. proteln, polypeptlde,

20 or portlon thereof, poss;bly 1nclud1ng a rlbosome blndlng
“; site and/or a translatlonal start codon, .but lacking a

promoter.-

%

The term can also 'refer .to. coples of a
. structural gene naturally found w1th1n a .cell but
‘ art1f1c1ally 1ntroduced structural genes may encode a
25 prote;n not normally found 1n the. plant cell 1n which the
gene 1s 1ntroduced or.in comblnatlon w1th the promoter to
f‘ whlch 1t is operatlonally assoclatedr‘ Genes which may be
operatlonally assoc1ated w1thaa promoter of the present
invention for expresszon 1n a plant Species wmay be
3QA derlved from a chromosomal gene, cDNAb,a gynthetic gene,
i or . comblnatlons thereof . As used .herein, -the term
- heterologous DNA segment -also lncludes DNA. segments
JA _codlng for non- proteln products, such as ribozymes or
:_'antl-sense RNAs. Antisense .RNAs.are well. known (see,
ié .e.g., US Patent No. 4,801, 540-(Calgene, Inc.)).
:j. Se s Genes of interest for, .use with the present

[ vee

lnventlon 1n plants 1nclude:.those affecting a wide

e e

[
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varlety of phenotyplc and non- phenotyplc propertles

among the phenotyplc propertles are protelns, such as
enzymes, which provxde“: es1stance '“tO”" various
environmental streSSes, lncludlng put not llmited' to

stress caused by - denydratlon ’(resuItlng £Fom heat,
salinity or droughf) ﬁérb1c1des,‘tox1c metaIs, ‘Erace

elements; pests ahd” patﬁogens Re51stance may be due to

-

a change in the- tafget 51te, enhancement of the amount of

"a target protein in’ tHE host cell lncreased ‘amounts of

- - -

one- ‘or more” enZymes‘“lnvolveH w1th the biosynthetlc
pathway of a pfoduct Whlch protects the hosE agalnst the

‘Styess,® “ard@ the like. “Seructural genes may be obtalned

.,,‘A_

from prokaryotes or eukaryotes, bacterla, fungl, {e.g.,
from yeast v1ruses, plants,"and mammals) or may. be

- - - .7ze” )

synthe51zed in° Whole oY in paft ’ IIlustfaflve genes‘

- = -

1%cluﬁe*’g1yphosphatef re§1stant

..... P A

S 3- enolpyruvylphosphoshikinate syﬁthase gene,Lnltriiase,

genes “fn the’ prollne and‘glutamlne blosynthetlc pathway,

. ,».
. .

—- 3t

and metallothlohelns - B LETE 5 52

oo ﬂ"'Struchral genes operatlvely assoc1at8d'With

the promoter “of the present 1nventlon may Be those which

~= = L~ =
codé for a proteln tOXlC to 1nsects, ‘suich as" a Bac1llus
thurlnglensis crystal proteln tox1c to 1nsect

sequence encoalng ‘a B" thur;ng1ens;s toxxn tox1c to

[ I
-

h U)U
av?
2
>

Coleoptera, and” varxatlons &t this sequence whereln the
“coded-=for- tOXLoity is- fetalned is dlsclosea in “y.s.
* patent No. “a, 853’331 (see' aiso_jﬁlS; 'Patents' Nos.
“4,918,006 and” 4, 910 1367(the dlsclosures Tof a11” T.Ss.

Patent references -cite&” hereln *are to be lncorporated
herein in thelr entlrety by refefenoe) A gene sequence
from B. thuringiensls ‘which -rénders plant spec1es toxic
to ’Lepldoptera ‘is dlsclosed in PCT Applicatlon wo
90/02804. -’ PCT Application ‘WO 89704868 “diséloses
transgenic plants transformed ~with a V%ctor"whlch
promotes the expre551on of a B. thuringleﬂsls crystal
protein, the sequence of which may “be employed in

connection with the present invention. PCT Appllcatlon
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WO 90/06999 dlscloses DNA encoding a B. thuringiensis
crystal prote:.n ~ toxin . active aga:.nst Lepidoptera.
Another gene. sequence encod:.ng an.-insecticidal crystal
proteln is dlsclosed, in U.s...Patent No. 4,918, 006.

5 : Exemplary of gene -sequences encod:Lng other insect toxins

10

15,

B

20

are .gene, sequences encoding . a chitinase--{e.q., EC-
3 2. 1 14) as. disclosedm U.S.. Ratent Nc. 4,940,840 and
_PCT Appln.. No\ Wo 90/07001 - A gene coding -for a
nematode 1nduc:1.ble .pore ..protein . useful-: in  producing
transgen:.c' p;lants res:.stant - to - roet nematodes is
dlsclosed 1n U.5. _ Patent Appl:.catlon No:. 08/007,998.
Stralns of B. thu;clnglens;s whlch produce - polypeptide
tox:.ns actlx}e agalnst nematodes are. dlsclosed -in - U.S.
patents i\ids' 4,948, 734 and 5,093,120. (Edwards.et -al.).

' v&heAre Mthe express:.on product of .the gene is to
be loc-ated in, e cellular _compartment -. other -than the
cytoplasm,‘ the “s.tructural gene. may ..be . constructed to
1nclude feglons wh:L;:h code for . part1culax=~ama.no .acid
sequences which J;esult :.n transloca.t:.on .of the product to

a part.lcular s:.te, such as the-cell. plasma membrane, or

X secret:.on 1nto the perlclasmlc space or into the external

25

230:400-407.

env:.ronment of the cel.l Various secretory leaders,

membrane 1ntegratlon . sequences, .and - - translocation

- sequences Vfor d:.rectlng the peptide expression product to

]

téy

:

3%

“

i}n

a partlcular site are descr:.bed in the litexature. -See,
for example, Cashmore et .-al,, :.Biotechnology (1985)
3: 803 808 - W:.ckner _and . l‘._o'dish_,;__ Science - (1985)

...’ .. et . P .. B ,‘.c
4 B o .- RIS SR

The express:Lon, cassette may be provided in a
DNA construct wh:l.ch -also. has at -least one_replication
system. For convenlence,o it is  common ‘to have a
repl:.catlon system functlonal in Escherichia coli, such

) _as ColEl pSClOl, PACYC184, .or the.like. 1In this manner,

at ‘each stage after each manlpulat:.on, the resulting

“construct may- be. cloned - sequenced, ‘and the correctness

"of the mampulatlon determlned -An addition, or in place
of the E. coli replication system, a broad host range
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replication system -may be em‘pldyed “such as the

: replication systems of thé P-1 1ncompat1b111ty plasmlds,
e.g., pRK29CG:- - In addition” to 'the repllcatlon system,
there may: be ‘at® least -one marker preS’ent which" may be

5 _ useful i one or: more-‘ﬁosts, or ‘dffferent -mirkers '’ for
individua}l hosts.”~ That-is:~one maﬁcer may “be - employed
for selection in-& p’rokaryotlc Hobt wh‘:.le another marker

may e " employed -for seiectlon i &- eukaryotlc host
partitularly thé pYant’ “host - - The" 'mar’kers ‘may provide

10 protectibh against” a “biocide; s’uc‘h*‘as ‘antlblot:.cs,
2. ¢oxing,” heavy -metalsi® of® the ' “like’;" may prov:.de
.- complementation- by imbari:ing' ﬁrototrophy “to  an
auxot PEPhic - host or"may prov1de' a' v1s1‘bie bnenotype
through- the product:r.on of d Yiovel compound 1n ﬁtfle\plant.

15 Exemplary -genes” which may be -employed :anlude neomycin
phospnobransfera’se (NPTTI), ’hy‘g’romyc:Ln phospgotransferase
(HPT) ;- -“chldramphericol '~ acet‘y’ltraﬁsfer'ase"‘ (CAT),

. .7 nitrilasel®and the gentamlcin resistance g%fne For plant
1 hoSt FeEedton Cnon- 1rm1trng examples o’f stuta'b‘le markers
20 ares’ ”'bet8-glucuron1dase = (GUS) “(provuilng ) ind:.go
- productfon){ “luciferdse” ‘(proirzdlng Tyisivle - . llght
«''productidn’ ;- *NPTIT- - (prov1dfrr§f kanamyéln res:.stance or
©2".G418 resistance), HPT (prov:.d:.ng hygromyc1n res:.stance) '

and ~the matatéd aro.i. QEne (prov1d1ng glypfuosate

PRy - - tow = i\‘

25 resistamde) ~ - 7 . LI 0nTZow A R i

732 TRE" various- fragments tdmprlslng ‘the var:.ous

"3 constructs,- expression cassettes,?‘markers,‘and the like
may be introduced consecutlvely by restriction’ enzyme
cleavage of an’ approprlate Yebl:.catlon system’- and-

30 insertion -of -the -particular’ cénstruct or fragment into
the available site. After ligatién and cloning.” the DNA

construct: may-bé i'solated for further manlpulat:Lon.a' All

xn

of thege ~. tachrdicmia

ques arc uuny.s, h EXEMIH.A..L.L i ELI “1n - ‘Lhe
. ..literature. - -See, ‘elg., ~Maniatis et al., Moledl g
35 Cloning: A aboratd#y.  Manuil, Cold épring I-farbor

Laboratory, Cold Spr:.ng Harbor, N.Y. (1382).
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A vector is a repllcable DNA construct.

- Vectors Whlch may ‘be used to transform plant tissue .with
" DNA constructs of the present invention include both
'Agrobacterlum vectors and balllstlc vectors, as well' as
5”.vectors ) sultable '“for _pNA«medlated transformation..
k "'Agrobacterlum tumefac.1ens cells:. containing a DNA
'>construct of the <present xnventlon, wherein_ .the - DNA

' - construct comprlses a Ti plasmld are useful in methods
of maklng transformed plants, .glant cells:.are infected
107 ‘with o Agrobacterlum . tumefaciens - to .:produce &
:transformed plant cell and then.a plant is regenerated

‘from the transformed plant cell. .. I e -

T IR 'rﬁumerous.Agrobaoterrnnrvector systems useful- in
carrylng 'out the present 1nventlon .are :known, - For

15~ example,‘U S Patent No 4 459 355 dlscloses~a~method for
transformlng susceptlble plants, including dicots,. with

"an Agrobacterlum straln containlng -the Ti. plasmid:. The
transformatlon\_of woody plants with .. an. Agrobacterium

" vector "{Q* disclosed in  U. .S-. Patent;-No;v -4,795; 855,

20 Further, u. S Patent No 4, 940 838 to. Schilperocort et .al.
' dlscloses a blnary Agrobacterlum -vector, (i.e., one in
Whlch the Agrobacterlum contalns one plasmld having the
“ip reglon of a Ti Elasmld but .no T:DNA. region; -and a

“ ‘second plasmld hav1ng a. T DNA region but no -vir .region)

25 * useful 1n carrylng out the present invention. -

~ e
‘\... -

Mlcropartlcles carrylng a DNA .comstruct of .the
present‘anventlon, whlch mlcropartlcle is suitable : for
‘the” balllstlc transformatlon of .a plant cell, are-also
useful for maklng transformed plants of the present

30 1nventlon The mlcropartlcle is .propelled. into -a plant
" eEll to produce a_transformed plant cell-and a- plant is
'regenerated from the transformed plant- cell. -Any

y

su;table balllstlc cell transformatlon methodology and
“apparatus hoan_ be used in practicing. the -present
35 1nventlon ' Exemplary apparatus and - procedures. ' are

dlSClOSEd 1n Sanford and Wolf -U.S: Patent No. 4,945,050,

\ D I
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.No. 0 270 356, - 'tftled "Pollen medlated ~Plant
Transformation". When - using balllstlc transformatlon

procedures, the express;On cassette may be 1ncorporated

inte a plasmid capabie of repllcatlng in the cell to be

5 traasformed. Examples of mlcropartlcles su;table for use

in such systems inclfude 1 to 5 fim gola spheres The DNA

construct ma¥ be depos1ted 6h” the- mlcropartlcle by any
suitable technique; such aS'by prec1prtatlon

B A

R .~ :A*transforméd hoEt cell  is” a cell whlch ‘has

M J5

10. been . transformed:--- or"‘transfected w1th constructs

containing--a ~DNA: sequence as dlsclosed’.hereln: using
recombinant DNA techniqués - Plant specles may be

~~- i 1PN

transforme&=-w1th"the' DNK construct of. the_,present

T A

¢ inventionby “the DNA medlated transformatlon of _plant
15 - cell protoplasts and subSequent regeneratlon of the plant

..... reln = etk
from” thet' transformed protoplasts 1n accordance w1th

A G N LTI I RG S

procedures.well'known in the E re. o
-~ ¥he™ promoter Sequences dlsclosed hereln may be
‘used:ifoexpress- a'heterologous DNA sequence 1n anygplant

PR~

20 specrigs’~ dapable of" ﬁtillZlng’ the promoter‘ (i, :&.,_ any

iiplant species-the” RNA® pélymerase of whlch blnds towthe

. promotex sequences dlsclosed Herelnl N Examples of plant

~ specvie¥ ‘-suitabile for transformatlon w1th the DNA
.constructs of the present 1nventlon 1nclude both monocots

25 and dicots;'and' include but 3Ye not I}mrted to tobacco,
.:'soybean, potato .~ cottbn,fsugarbeet:‘sunflower . carrot,

. celery, flax; -cabbage “ana ! other cruc1ferous plants,

-pepper, tomato; @itrus trees bean, strawberry, lettuce,
.maize, alfalfa, -oat;- whéat,’ rlce, barley, sorghum and

30 - canola. Thus-an:illustrative - category of plants Whlch-

‘may be transformed with the DNA constructs of the present
invention are the ditots,-and a more partlcular category
.of  plants which --may - be"translormeo ’u51ng the~-bNA
constructs. of .the’ -Present’ 1nvention are members of-the

35 family Solamacae: Sl i T
Any prant tissue capable of subsequent clonal

propagation, whethet: by - organogene51s or’ embryogenesls,

AL
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may be transformed with a. vector. of the present
“irivention. The term “organogenesis,"‘as.used-herein,
means a process by which shoots and. roots are developed
:tsequentlally"from merlstematlc . centers; the term
51 "embryogene51s;" as used hereln, means a process by which
"’shoots and roots develop together in a concerted. fashion
(not sequentlally) whether from somatic . cells: or

gametes.‘_ ~[I‘he partlcular tissue chosen will .vary
‘_dependlngvon the clonal propagat;on systems available
10"£or,_and best sulted to, the partlcular -species being -
Eftransformed “l Exemplary tlssue targets include, :leaf

b

"d;sks,fﬁ pollen,: embryos, i cotyledons,“:,hypocotyls,
‘megagametophytes, callus tlssue, exlstlng mezlstematlc
“tissue (e. g., aplcal merlstems,'ax111ary buds,:and root
1Sfimerlstems), and 1nduced merlstem tlssue (e g,h_cotyledon
‘ merlstem and hypocotyl merlstem) . > ¢ s .

- - __.".
[T

- .

R e TRz

The examples which follow are. prov;ded to
1llustrate ‘various spec1f1c embodlments of .fhe present

1nventlon, _and are not to be construed as. llmltlng the

I pr

20 1nventlon. ) L e e
: . . - -, P AN AP ST

. . . i - - N
4 - . . .- - o : : -

EXAMPLE 1

. ceae o e -
Do - o

Isolat;on of Genomxc Root Cortex SQElelc RD2 Genes

' “"A tobacco (Nicotania . tabacum) genomic . library

of DNA isolated from tobacco seedllngs was constructed in

25 EMBL 3 SP6/T7 lambda vector (ClonTech, Palo Alto, Ca).
TobRD2 cDNA (Conkllng et al., -Plant Phys. 93, 1203
(1990)) was used as .a probe to 1solate genomic clones

. contalnlng Tobacco RD2 genes. from the prlmary library.
“'A total of 1.2 x 10’>recomb1nant phage were .screened on
30 ~k802 bacter1a1 ‘cells. The plaques were 11fted onto _nylon
L'membranes '(Magnagraph) and. the DNA ;mmoblllzedg by
autoclav;ng (10 mlnutes,.; gravity . cycle).. - Aall

) hybrldlzatlons were performed at. 65°C in aqueous solutlon
&_(SX SSC [750 mM sod;um chlor1de,:75 mM. sodium citrate],
35‘:$X. Denhardt s [0 1% _each . of ficoll, - BSa,
' polyv1nylpyrolldone] 0.5% SDS, 100 mg/ml denatured
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salmon sperm DNKf'for'lsshours The‘fiLEerg‘FéFg,yashed
in 0.2X SSC and 0.1% SDS at 60°C. ) e

‘Thirteen genomlc clones that hybrldlzed to the
TobRD2 cDNA probe were identlf:.ed by screenlng 1 2 x 107
5 - recombinant phage. Thésé clones were '1solated and

-~ “_’ -—A<<‘

further ~®—characteriZed "‘by*“ restr1ct1on N mapplng
Restriction maps were constructed by tﬁe rapld mapplng
-procedure -of Rachwifz ‘et al., Gene, 30 195 (1984) One

==~

‘elone, homologous to the TobRDZ cDNA “was’ sequenced in

~aed

10 : its Jentirety and ‘its promoter 1dent1f1ed By allgnlng

Pt

the’ TobRD2 cDNA and the? genomlc clone, the reglon of the
-genomid’ clone 5'~£6 -the translated reglon ‘was' 1dentif1ed

-

'

Falic- 3 __\\ﬁ,_\i) =t:" .

- The- sequence ‘of this untranslated reglon was examined. and
the ~TATAX “Box of the putatlve promoter was 1dent1f1ed

—c"“ r:-ds—-—o

15 fn plant promoters “the TATAA box 1s typlcally 35 to 29

sy Pl ‘r-

nucleotldes from the’ 1n1t1at1on p01nt 6 transcrlptlon.
Using ° prlmer extension experlments,‘ fhe 5 end of
transcr:pthn ‘was 1dent1f1ed' '

e T ST e 21877580

- Lo ~s i

sit . TIT LK 2010  'Base pAEir * region upstream from the.
20 transcribed region of the TobRD2 cDNA is prov;ded in

Figure 2 (SEQ ID NO:1). This sequence includes the
predicted start of ‘thé' transcrlptlon reg1on (at N
aucleotide ' 20607 .- and“*the* TATAA * “’of the “pPromoter

-\wp' -

-t -~ F L - - R -

(nucleotldes 1971*1975Y“'”' L. . .
N PRI S Sol e SN
<

25 ; SREL EmeLE 2

II + or pBS SK° II+,‘Stratagene, La Jolla, CA)'vectors
30 Unldlrectlonar ‘deletiodn ‘series vwas obtalned for each
clone afd for both DNA strands by Exonuclease ITI and

.-nuclease dlgestlon {Henikoff, Gene 45, 351 (ryuQJ'i_lne

.DNA sequence was determlned'by dldeoxy chaln termlnatlon

IR

method (Sanger et al., Prot: Natl Acad Sc1‘ “Usa, ‘74,
35 5463 (1977)) using ' *'the enzyme Sequenase B (U S.

-

"y
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Biochemicals, Cleveland, OH).. In all cases, both DNA
strands were sequenced . .
Exmpw 3. ., .
. o - In-S:.tu szr;.d:.zations S .
5 jw T To determlne the gpatial. dlstrlbutlon cf TobRDZ

mRNA transcr;pts in the varlous tlssues of. the root,. in
situ hybrldlzatlons ‘were performed in - untransformed
”'plants.~ In751tu~h§hr1dlzatlons of antlsense strand of
.TobRDZ to the TobRDZ TRNA in. root tlssue”waswdone -using
10 technlques‘as dééér;bea 1n Meyerow1tz,»Plant'Mbl Biol.
‘Rep. 5,242 (1987) and Sm;Lth et al., Plant Mol. Biol. Rep.
5, 237 (1987) . Seven day . old tobacco (Nicotania. tabacum)
Aseedllng roots_. were flxed -~ in phosphate buffered
glutaraldehyde, embedded‘ ;n Paraplast Plus”‘(MonOJect_

P A

15 Inc.,_St.-Louls, MO) and sectloned at B8, mm.thickness to
:obtaln transverse‘ as. .well .as. longltud%nal,&sectlgns.
Antlsense TobRDZ transcrlpts, ynthesized in.vitro in.the
presence of 355 AIP were used ‘as probes. . The .labeled
RNA was hydrol&éed'by alka;lne treatment tonyleld 1Q0 to-

20 200 base mass average, length;prlor to use...

T o Hybrldlzatlons were done. 1n_509 formamide..for

16 hours ‘at 42°C, w1th abproxxmately 5.%x. 10‘ counts-per-
mlnute (opm) labeled RNA per. mlllallter:of hybridization
»solutlon., After exposure, the slldes.were developed and

25 visualized under bright and dark field microscopy.

c - As shown ;in Figures -dA  and 1B, the

T

- - -

hybrldlzatlon slgnal is 1ocallzed to the cortical layer
;'of cells in the ropts., . Comparison of both bright and
_; dark fleld 1ma§es of the same,sectlons locallzes TobRD2
30 . transcrlpts to the. parenchymatous _oells of the root
;; cortex. No  hybridization ;s;gnal:_was;,visible in the

' epldermls or the stele, e
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EXAMPLE 4

Chimeric Gene Constrﬁctioh

A promoter deletion series was constructed by
polymerase chain reactlon (PCR) The templates were the

5 wvarious deletions of~ the ~5“='flank1ng' reglons of the
TobRD2 genomic cloné that hia- been ‘generated by

Exonuclease 1II/Sl nnclease dlgestlons (EXample 2)
" of ollgonucleotide primers “One” prlmer was a modlfled
10 bacter:ophage'MlB forwar&‘prlmer (see, é4§ ; Sanger et
'-‘)al., Proc. Natl. Acad. §ci. Usa, -74 5463 (’19‘77)3 ; the 5’
“end “of - the 6llgonucleotlde 'codfalned the HlndIII

recognrtioﬁ Asequence, along ‘with © aadltlonal 5
< sequence that allows fof ‘tote efficiedt’ cIeavage by the
15 restrlctlon enzyme - ~The- othef‘prlmer wa's® ae51gned to

2" Havé a BamHT site® (anng‘W1th addltloﬁal nucleotldes for'

-efficient cleavageY at*fts 57" edd and- was homologous to
" the 16° nucleotide sequence ‘of ‘the TobRDZ that iy found 22

s 2

bases -5’ to “the “ATE “start codon (1 e. the prlmer was
20- homologous ‘bases r97§-19§b bf SEQ ID‘ND‘i) L -

-~

The™* PCR ~* amplfficatlon 'reaction - Contained
~template plasmld‘DNA “(5- lo'ng)f‘reactlon ‘buffer (50 mM
KCi, 10 M - TrlSJHCI ﬁH 90 fat ZSfC], 0 1% Trlﬁbn X 100,
1:5 mM MgCl)r, 025 mM-each of 4ATP, “4GTE, dTTP, and aCTP;
25 40 ng of" each'primer,'l 25 unlts of Taﬁ‘DNA polymerase

(Promega®’ Madison? Ws) © - e

= E

AR =

[Al}

Ly
P

The PCR cycle denatured “the templates at 94°C
for ‘1 mlnute, annealed‘the prlmers at 46°C’ fbr 1 mlnute
and<allowed - - chain’ ‘elongation to proceed ‘at 72°C for 5

30 minutes: - This® cycle “was repeated 40 tlmes and the 1ast

elongation ‘cyéfe ‘was ' extended by' 10 minutés’ ~ PCR°
‘ampllflcatxons*were done in-a programmable thermaI cycler
M/, NN L Y 4 T T oo amom - - . °: ":A":‘.l:—

Vb b VW, 8 e & o A\c.occ:&\.k‘/ -

Ampllfled products were digested with Hind III

35 and Bam HI and cloned into the Hind III and Bam HI sites
of the Agrobacterium binary vector pBI 101.3 (R.
Jefferson et al., EMBO J. 6, 3901-3907 (1987)). This
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vector contains a f-glucuronidase (GUS) reporter gene and

an nptII selectable marker flanked by the T-DNA border
"sequences.‘ N co B

. - . Ve G ; R E

Exml.zs L - N
5 ) e er e Plant 'J:ransformatlon- :Methods - - - -

Chlmerz.c reporter gene constructs were
introduced into an Agrobacterium host carrying a disarmed
Ti-plasmid (1L,BA4404) capable of prov:.d:.ng {in trans) the
vir functlons :r-:eun.l:edi for T- DNA trancfer and- jntegration

10 1nto the plant genome, essent.lallys as. descr:.bed by An et-

all. ' _:;_r; _,S., ge,lv:m .-and-.R. .- Schilperoot,.. eds., .- Plant
Molecular Blolog Manual Mart:.nus NljhOff Dordrecht,
The Netherlands,, *pp A3 1 19 (1988) . Constructs were

.

_ 1ntroduc,ed to , the host , v:La txi- parental .mating or
15 electropora'tlon of electrocompetant Agrobacter:l.um cells,-
... as i_s, known __t.o. .those in. the,_. art. - Leaf disc
:' transformat:.on of tobacco..(SRl)_.a.nd plant regeneration

were performed Aas_ described by. An et .al. Plant Physiol.

‘81, 301- 305 ‘-(,‘1,986) -7,.,Kanamyc1n res:l.stant plants -were
20 selected gorf_further ~analysis.

- o >

- N L - e 1
.- S e R T BRI B N - - - L,
L PranYs >~ 77 .o~ 4 an - .

S Exmx.z:s___.-..”_: .
o GUS—Assaxs in Transgen;c RPlants: Methods ..
- Hlst_ocnemlcal staining was performed.on excised
’ roots, :stems and leaves of - transformed plants. The
2:’-3 explant L tlssues .were 1ncubated in. lmM

5= bromo 4-chloro-3- :Lndolyl B D-glucuronide (X—Gluc) , 25
mM sod:Lum phospha.te buffer {pH .7:0)., 0.5% DMSO, at. 37°C
overnlght ~afrer briefly.. vacuum .-infiltrating the
] ;substratef. Tissues expressing-GUS activity cleave this
391;,';snlt.>strate. and thereby stain blue.. - -

- .« -

,.'sdescrlbed by - Jefferson et al., -EMBO J:. -6,. 3901-3907

(1987) to quantitate the level of- ;-GUS. expression. Cell
... extracts from :roots, leaves and stems were incubated in
35...the. presence of 1 mM -4-methylumbelliferyl-B-D- -glucuronide

- . --~ Flurometric - GUS assays. ;were . performed as
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(MUG) at 37°C. Samples were taken at'b;fS, IO,'1§, and

20 minute intervals. The enzyme reaction was éioppeo by
the addition cf 0.2 M sodium carbonate. The fluorometer
was calibrated with 10 nM and 100 nM MUG. Protein
5 concentration in the samples was determined according the
method of Bradfoxrd, Ehal-BlocheNh ?2-—248 (1976) .

- . g, e - Nt IR

10 7~
" from the® TobRD2" gene (SEQ. ID NO:IY encompasseﬁ promoter
elements" dlrectlng express1on*~speclficall§“; ‘“jthe
Jparenchymatous Cells ‘of the root cortex,~dh1mer1c genes
were constructed. ‘A '1988" baée‘oalr reglon iéibﬂfD No 2)

15 was amplifred by’ polymerasé chaln reactlon and cIoned 577

: to the GUS- reporter gene 1a§ descrlbed above) “The
chimeric' gene-was: 1ntroﬁuce6'1hto tobacco (as descrlbed
above) ‘ and transdenic™ plants wete - %nalyzed “for the1r

ability-to express  GUS(as descrlbed‘above) - _“

20 Results of the analys;S"of “$ndividual
transformants (i.e., each transformant was the product of
an independent transfo?mfﬁé event) are shown in Table 1,
lines- 25-33- ’4é:’:énéfoi~a}'énﬁs‘i-'3%%13:{--"1'5‘3‘2'5?"1\7'5%: The 42.0
promoter (SEQ"ID. NO:2F was found to ‘@irecr high levels of

25 - gene éxpre351on {approx1mately 4- fol&~h1gher'than that of
the CaMV35S®promdter, commonly tefmed to be a"strong
promoter) (Figure: 4y Expre551on of the reporter ‘could
not be detected in°leavds or stems “at levels hlgher than

z control (see Figures-4; 5A and 5B, which display ‘aVerage

10 activities :taken -from~ Table  1). -*608S activity was
essentially limited to-the root and, as shown ih??igure~

- 8, .wasi-specifically-limited to the root cortex. The

©  ‘plant shown in- Pigure-6 was transfotrmed Tusing‘thea2.0

" “promoter -driving GUS, in pBI201.3-

35 .. ¢ . (Multiple 4individual transformed Ieaf ~‘disks

b B BRI

were placed in pétri plates! ~Trarsformant nomenclature
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in Table 1 :Lndlcates the promoter/the.numbered petri

" plateé/and’ the ‘number of the independent transformant.

l Thus 325111 refers to a transformant using the a2.0
promoter 1n petrl plate II, and from leaf disc 1; while
5--101.I1°° refers'f‘tof transformation using pB1101.3
f(proﬁotefless Gstﬁsed as a coptrol), and to transformant
number 1 in petrl plate 'I. .In Table 1, the prefix 121
refers “to pse of PBI12) CCaMVBSS promoter, with GUS) ; 325

. refers* to ‘the .42.0 promoter (SEQ!ID NO:2) with GUS; 484
10, refers tOJEP?fAlKQ prohoter_{SEQ'ID_NO 3).w1th GUS- 421
refers‘tofthe Ai.B,promoter (SEQZID NO 4)_w1th ‘GUS; 428
refers to the Al.0 promoter (SEQ ID. NO:5): with 'GUS; 490
refersito‘the AO 7 progoter4(SEQ ID N016)wwith:GUS; 491
refers touthe AO 6 promoter (SEQ ID N047§ with GUS; 492

15 refers.tOIthe a0, S.promoter (SEQ ID NO 8) wlth GUS; 495
fers to,the AQA?’promoter (SﬁQ~ID NO 9)~w1th‘"Us. "R-

: Gu " refers to ‘GUS act1v1ty :|.nl root tlssues,:‘-"L GUS"
‘ refers to GUS act:.v:Lty <in leaf tzssueS' andx-"s Gus*
refers to GUS act1v1ty 1n:stem tlssues. R/L,prov1des the

20i relative GUs actlvlty 1n Roots/Leaves;{R/q prov1des "the
;-relatlve GUS act1v1ty 1n Roots/Stem&.! GUS act1v1ty is

prov:Lded 1n pmolMU/ug prote:.n/mln. o i 3 : :~>:
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EXAMPLE 8 ~ T e

Effect of 5’ r oter- tions

on_the expression of the reporter;ggge act;vxtx

The following experlments were carrled out in
essentially the same manner, as . descrlbed in, Examole 7,
above, except that the length of ’the TobRD2 flanking
region employed as a promoter, wasg Varled‘to explore how

various portions of the. flanklng region' affected
expression of GUS s R é ! l ‘

N h ' [

A series of seven; nested 5" deleﬁlpn mutatlons
in the 2010 base pair TobRD2 sequence (SEQ ID 'NO: 1)
upstream region were generated for' use’ ~as‘ promoter
sequences. These deletion mutants are ahown graphlcally
in Figure 3, and are denoteﬂ as AA q CSEQ ID ND:2); al.4
(SEQ ID NO:3); al.3 (SEQ ID FOM4),‘A1 0 KSEQ ID NO: 5);

»0.7 (SEQ ID NO:6); a0.6 (SEQ ID NO: 7y i 40‘5 (SEQ ID
NO:8); and a0.2 (SEQ ID NO:9). | ': R P
4 jo-

Chimeric gene constructs fa desérlbed in
Example 3 and containing the A2. 00 promoter (SEQ 1D NO 2)
or a truncated promoter (SEQ ‘ID NOs‘-B 9) were ;ntroduced
into tobacco by Agrobactermum medlated transfdrmatlonlof

§

leaf discs (as descrlbed ;gﬁbExample b Ay _The

Agrobacterium vector pBIiOl 3 was used ‘alode ‘as a
control, and the CaMV35S promoter was used to?nrov1de a

ol P

reference standard. RoOOES, 'leaves and stems from

regenerated plants were assayed for GUS actlylty (Table
1; Fig. 4). Co o !

Figure 4 prov1des a graphlc representatlon of
GUS activity in roots, leaves and..stems.using the full
length TobRD2 promoter, the promoter deletion serles, the
Cauliflower Mosaic Virus 355 (CaMVBSS) promoter, and
vector pBI1l01.3 as a control As shown in Flgure 4, Bix

w4l Luc pLUIUUL.::J.a L_ch.CU wcx_t—.‘. LUUJ.LU LU (—UILLEI n.Lgn .LEVEJ.S
of root cortex specific expresqlon :'a2. 00 (SEQ ID NO 2);
2l.4 (SEQ ID NO:3); al1.3,. (SEQ ID NO: 4) 'Al 0 (SEQ ID
NO:5); a0.7 (SEQ ID NO: 6),} and 0.6 (SEQ 1D No:7) .

Figure 4 dlsplays averaged data ﬁrom Tablk 1. '

i
!

PCTNUS96/12158
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As further shown in Figure 4, loss of a region
approximately 50 base palrs in length (compare 0.6 (SEQ
ID NO:7) and a0.5 (SEQ ID NO:8)) drastically decreased
the level of GUS expression. However, the results show
that the level of GUS express:.on :Ln root tissue provided
by the 4a0.5 promoter (SEQ ID NO: 8) was equ:Lvalent to that

elicited by the CaMV35S promoter. GUS expression in root .
cortex prov:.ded by the 0.2 .promoter {SEQ ID NO:9) was -

approx:Lmately half that prov:.ded by the CaMVBSS promoter.

Figures 5A and 5B further :Lllustrate the organ
specific nature of reporter gene express:.on ‘using TobRD2
promoters.'5'~*In all: insténces: tested GUS dctivity was
strictly expressed in the roots: and regllglble a.ct:.v:Lty,
if any, was detected in the stems or leaves ©f the same
transformed tobacco plants. Whlle,,the level of GUS

activity measured in roots transformed with’ the AO 60 and

40.30 promoters was equ:.valent to- or. less than that
provided by the CaMV3ss Ip:r:omc;ter (Figure 4), F:.gures 5A
and 5B :Lllustrate that expression alrec’te& by the 2a0.60
and a0. 30 - promoters wasi'root spec:.flc, ‘with” negl:.g:.ble
activity in stems and leaves, unl:.ke express:Lcn directed
by the CaMV35S promoter. ‘ L 3 K

- ..‘_,

The foregoing examples are :Lllustrat:x.ve of the
present invention, and are, -not.; -to be construed as
limiting thereof. The 1nventlon -lS def:.ned by the

following claims, w:.th equ:.valents of the clalms to be
included therein.

PCT/US96/12158
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" "SEQUENCE LISTING i

(1) GENERAL INFORMATION:*® ™~~~  -7- "=+ = -7

(i) APPLICANT: Conkling, Mark A - ... . . ..
~Mendu. Nandini® - oot s e
-Song, Wen  zz. vty RICVILD onzotsn Lo

(i) TITLE OF INVENTION Rdot Cortex Spec1f1c Gene Promoter o
=T SRR oINS ST SN 272 o
(111) NUMBER QF SEOUENCES 9

-

L My g AT omorenwtT
ClV) ‘COQRRESPONDENCE :ADDRESS:z~ - =+ 1 LULEm v L liuE
~(A) ADDE%SEE Kenneth D Suﬂey Beﬂ Seltzer. ‘P.ark_&
ST =77 Gibson _
2w o(B) STREET:.Post Office Drawer” 340(}9 TIvE vl
_(C).CITY. Charlotte . . e mnt mp
7 (D) STATE:NOrth Carona o ' ‘ |
T - (E.-COUNTRY:: zUSA *. LETLal: LmmaTiy Baomrolo
s 3 (F) ZIP 28234 I S SRS 0 W S SRS 15+ SRR
("V) COMPUTER READABLE FORM:an.émoi2  zow 2750 Sicad
(A) MEDIUM TYPE; _Floppy. d]sk St en e

T < "Y(B)' COMPUTERT “IBM PC” compatible” ~
.. . -(G) OPERATING SYSTEM: -PC-DOS/MS-DOS'+ ~.ot. .
(D)_SOFTWARE : Patentln Release.#1.0., J/ersuon. #1 30

GVT) CURRENT APPLICATION:DATA: == . T
(A) APPLICATION NUMBER: ; L e e
(B) FILING DATE: ' '
(C) CLASSIFICATION: =-: -

(viii) ATTORNEY/AGENT INFORMATION: A
. 4 (A)oNAME: :Sibtey. :Kenneth D. : . L

(B) REGISTRATION NUMBER 31,665 R

£ (C) REFERENCE7DOCKET NUMBER:- 5051-294 o ’

(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: 919-420-2200
(B) TELEFAX: 919-881-3175

(2) INFORMATION FOR SEQ ID NO:1:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 2010 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(i1) MOLECULE TYPE: DNA (genomic)
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1: - - .
CTCGAGGATC TAAATTGTGA GTTCAATCTC TTCCCTATIG GATTGATTAT CCTTTCTTTI

CTTCCAATTT GTGTTTCTTT TTGCCTAATT TATTGTGTTA FCCCCTTTAT CCTATTTIGT |

TTCTITACTT ATTTATTIGC TTCTATGICT TTGTACAAAG ATTTAAACTC TATGGCACAT

ATTTTAAAGT TGTTAGAAAA TAAATTCTTT CAAGATTGAT GAAAGAACTT TTTAATTGTA
GATATTICGT AGATTTTATT: CTCTTACTAC CAATATAACG CTTGAATTGA CGAAAATTTG .

TGTCCAAATA TCTAGCAAAA AGGTATCCAA TGAAAATATA TCATATGTGA TCTTCAAATC
TTGTGTCTTA TGCAAGATTG ATACTTTGTT CAATGGAAGA GATTGTGTGC ATATTTTTAA

AATTTTTATT AGTAATAAAG ATTCTATATA GCTGTTATAG AGGGATAATT TTACAAAGAA... -
CACTATAAAT ATGATTGTTG TTGTTAGGGT GTCAATGGTT-CGGTTCGACT GGTTATTTTA:.
TAMATTTGT ACCATACCAT TTTTTTCGAT ATTCTATTTT GTATAACCAA AATTAGACTT

TTCGAAATCG TCCCAATCAT GTCGGTTTCA CTTCGGTATC GGTACCGTTC: GGTTAATTTT

CATTTTTTTT TAAATGTCAT TAAAATTCAC TAGTAAAAAT ~AGAATGCAAT- AACATACGTT: -

CTTTTATAGG ACTTAGCAAA AGCTCTCTAG ACATTTTTAC TGTTTAAAGG ATAATGAATT

AAAAAACATG AAAGATGGCT AGAGTATAGA TACACAACTA -TTCGACAGCA-ACGTAAAAGA -

AACCAAGTAA AAGGAAAGAA AATATAAATC ACACGAGTGG AAAGATATTA ACCAAGTTGG
GATTCAAGAA TAAAGTCTAT ATTAAATATT CAAAAAGATA AATTTAAATA ATATGAAAGG
AAACATATTC AATACATTGT AGTTTGETAC TCATAATCGC TAGAATACTT TGTGCCTTGC

TAATAAAGAT ACTTGAAATA GCTTAGTTTA AATATAAATA GCATAATAGA TTTTAGGAAT .
TAGTATTTTG AGTTTAATTA CTTATTGACT TGTAACAGTT TTTATAATTC CAAGGCCCAT -

GAAAAATTTA ATGCTTTATT AGTTTTAAAC TTACTATATA AATTTTTCAT ATGTAAAATT
TAATCGGTAT AGTTCGATAT TTTTTCAATT TATTTTTATA AAATAAAAAA CTTACCCTAA

TTATCGGTAC AGTTATAGAT TTATATAAAA ATCTACGGTT CTTCAGAAGA AACCTAAAAA ~

TCGGTTCGGT GCGGACGGTT CGATCGGTTT AGTCGATTTT CAAATATTCA TTGACACTCC
TAGTTETTGT TATAGGTAAA AAGCAGTTAC AGAGAGGTAA AATATAACTT AAAAAATCAG
TTCTAAGGAA AAATTGACTT TTATAGTAAA TGACTGTTAT ATAAGGATGT TGTTACAGAG
AGGTATGAGT GTAGTTGGTA AATTATGTTC TTGACGGTGT ATGTCACATA TTATTTATTA
AAACTAGAAA AAACAGCGTC AAAACTAGCA AAAATCCAAC .GGACAAAAAA -ATCGGCTGAA

.60
120, -

- 180- -

240" -
‘300

- 360. ...

420

--480

540
600
660
720
780
840
900
960

. 1020

1080 . -

11140

1200
1260 -
1320.-
1380
1440

1500
" 1560
1620 -
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TTTGATTTGG TTCCAACATT TAAAAAAGTT TCAGTGAGAA AGAATCGGTG ACTGTTGATG -~ 1680

ATATAACAA AGGGCACATT GGTCAATAAC CATAAAAAAT TATATGACAG CTACAGTTGG 1740

e e

TAGCATGTGC TCAGCTATTG AACARATCTA AAGAAGGTAC ATCTGTAACC GGAACACCAC '18'0'0'

TTAAATGACT AAATTACGCT CATCAGAAAG CABATGGAGT GCTACARATA ACACACTATT I860

CAACAACCAT AAATAAAACG TGTTCAGCTA CTAAAAGAAA TATARATARR TCTATGTTTG :':19'2’0

TAAGCACTCC AGCTATGTTA ATGRAGTGCT ATTECCTETT N&CTCTCACT“ TA’TAAAATAG‘ <1980 -

TAGTAGAAAA AATATGAACE AARACACKAG ~ = - A&7 “ruiiaTels «iom o g
B AT LT T L A d T TUETTL T ST e 1T TR
(2) INFORMATIEN FOR'SEQ ID'NO:2: ~ = 7 .o "TATmota oobss o
(i) SEQUENCE CHARAGTERTSTICS: -/ - i* &7 »rei o /i
(A). LENGTH: 1988 .base pairs e mimem e aia g
(B) TYPE: nucletc-acid - e
(C) STRANDEDNESS: smgle N
(D) ‘TOPOLOGY+ linear- - -~ o . = et et
(1) MOLECULE TYPE:-DNA: (genom'lc) VIR ONTERGS TR el
TR L. T LT e YR SN T
(xi) SEQUENCE DESCRIPTION: SEQ ID'NO:2: < = - &b o’ .7

CTCGAGGATC TARATTGGA GTTCAATCTC TTCCETATTG GATTGATTAT CCTTTCTTTT © 6D -
CTTCCAATTT GTGTATCTTT TTGECTAATF TATTGTGTTA TECCCTTTAT CCTATTITET 120+
TTCTTTACTT ATTTATTTGC TICTATGTCT TAGTACAAAG ATTTAMACTE TATGGCACAT 180"
ATTTTAAAGT TGTTAGAAAA TAARTTETTT CAAGATTGAT GAAAGAACTT. TTTAATTGTA - 240

GATATTTCGT AGATTITATT CTCTTACTAC CAATATAALG CTTGAATTGA CGAARATTTG -~ 300
TGTCCAAATA TCTAGCAAAA AGBTATCUAR TGAMAATATA TCATATGTGA TCTTCAAATC 360
TTGTGTCTTA TECAAGATTG ATACTTTGTT CAATGGAAGA GATTGTGTGC ATATFTTTAA ' 420 -
AATTTTTATT AGTAATAAAG ATTCTATATA GCTGTTATAG AGGGATAATT TTACABAGAA - 480
CACTATAAAT ATGATTGTTG TTGTTAGGGT GTCARTGGTT CGGTTEGACT GGTTATTTTA ---540
T AAANTTT

2 AT ARAATAAAAT TTTTTTIANAT ATTATATTTT TT T
AR T HL.\, (K \ I‘\I CHA P LIV mTauI/ArL GTATA"CCAA AA A\'N'”

TTCGAAATCG TCCCAATCAT GTCGGTTFTCA CTTCBGTATC GGTACCETTC GGTTAATTT ~ < 660~ -
CATTTTTTTT TAAATGTCAT TAAAATTCAC TAGTAARAAT AGAATGCAAT AACATACGTT <7720
CTTTTATAGG ACTTAGCAAA AGCTCTCTAG ACATTTTTAC TGTTTAAAGG ATAATGAATT -~ 780
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AAAAAACATG AAAGATGGCT AGAGTATAGA TACACAACTA TTCGACAGCA ACGTAAAAGA -
AACCAAGTAA AAGCAAAGAA AATATAAATC ACACGAGTGG -AAAGATATTA ACCAAGTTGG

GATTCAAGAA TAAAGTCTAT ATTAAATATT CAAAMGATA AATTTAAATA ATATGAAAGG - -

AMCATATTC AATACATTGT AGTTTGCTAC TCATAATCGC TAGAATACTT TGTGCCTTGC
TAATAAAGAT ACTTGAAATA GCTTAGTTTA AATATAAATA GCATAATAGA TTTTAGGAAT

TAGTAI!IIG.AGTTTAATIA CTTATTGACT TGTAACAGTT TTTATAATTC CAAGGCCCAT -

GAAAAATTFA ATGCTTTATT AGTTTTAAAC TTACTATATA AATTTTTCAT ATGTAAAATT

TAATCGGTAT AGTTCGATAT TITTTCAATT TATTTTTATA AAATAAAAAA CTTACCCTAA- --

TTATCGGTAC AGTTATAGAT TTATATAAAA ATCTACGGTT CTTCAGAAGA AACCTAAMAA:
TCGGTTCGET GCGGACGGTT CGATCGGTTT AGTCGATTTT CAAATATTCA TTGAGACTEC-
TAGTTGTTGT TAIAGGTAAA AAGCAGTTAC AGAGAGGTAA. AATATAACTT ARAAAATCAG -
TTCTAAGGAA AAATTGACJT TTATAGTAAA TGACTGTTAT ATAAGGATGT TGTTACAGAG -
AGETATGAGT GTAGTTGGTA -AATTATGTTC TTRACGGTGT. ATGTCACATA - TTATTTATTA-
AAACTAGAAA AMACAGGETC AAMACTAGCA AAAATCCAAC GGACAAAAAA ATCGGCTGAA-
TTTGATTTGG TTCCAACATT TAAAAAAGTT -TCAGTGAGAA AGAATCGGTG AGTGTTGATG:
ATATAAACAA AGGGCACATT GGTCAATAAC CATAAAAAAT TATATGAGAG - CTAGAGTTGS
TAGCATGTGC TCAGCTATTG AACAAATCTA AAGAAGGTAC ATCTGTAACC GGAACACCAC -
TTAAATGACTAAAAITACCCT<CAICAGAAAG~GAGATGGAGT-GCTACAAATA ACACACTATT
CAACAACCAT AAATAAAACG .TGTTCAGCTA- CTAARACAAA TATAAATAAA- TCTATGTTTG

TAAGCACTCC AGCCATGTTA ATGGAGTGCT ATTGCCTGTT AACTETCACT TATAAAATAG
TAGTAGAA o o= o e e s

(2) INFORMATION FOR -SEQ-ID-NO:3: - - -

- () SEQUENCE CHARACTERISTICS:. - -
P (A) LENGTH: ‘1372 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: Tlinear T

(i) MOLECULE TYPE: DNA (genomic) . ---. -~

840

900
960 -
1020.:
1080 .
1140 -
= 1200
1260 -

~-1320

1380
1440
. 1500
11560,
1620 .
1680: -
1740
1800 .
1860-

1920
~1980
1988
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5.
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: '

TCATGTCGGT TTCACTTCGG TATCGGTACC ‘GTTCGGTTAA TTITTCATTTT TITTTAAATG

TCATTAMMAT TCACTAGTAA AAATAGAATG CAATAACATA CGTTCTTTTA TAGGACTTAG

CAMAGCTCT CTAGACATTT TTACTGTTTA AAGGATAATG AATTAAARAA CATGAAAGAT

PO

GGCTAGAGTA TAGATACACA ACTATTCGAC ‘AGCAACGTAA ARGAAACCAA éTAAAAGCAA |

AGAAMATATA AATCACACGA GTGGAAAGAT ATTAACCEAG TTGAGATTCA AGKATAAAGT
CTATATTAAA TATTCAKARA GATAAATTTA “AATAATATGA AAGGAAACAT ATTCAATACA

TTGTAGTTTG CTACTCATAA TCGCTAGAAT ‘ACTTTGTEOC TTGCTAATAA ABATACTTGA
AATAGCTTAG TTTAAATATA ‘AATAGCATAA TAGATTTTAG GAKTTAGTAT TTTG/-(GTTTA
ATTACTTATT GACTTGTAAC AGTTTTTATA ATTCCAAGEC CCATGAARAA TTIAATGCTT

- _—— A I R

TATTAGTTTT AKACTTACTA TATAAAIII! TCATATGTAA AATTTAKTCG GTAﬁAGTTCG )

A---.—--.."T.

ATATTTTTTC AATTTAlIil TATAAAATAA'AAAACTTACC CfANTTATCG ETACAGTTAT

AGATTTATAT - AAMATCTAC GGTTCTTCAG AAGAAACCTA AAAATCGGTT'CGG%GéGGAC

~——~——

60
120

180

240
300
360

a0

" 480

540f

600

" 660
”'*7‘20‘

780

TAAABAGCAG: TTACAGAGAG GTARAATATA ACTTAAAAAA TCGTTCTAA GGARARKTTG ““ ' 840

ACTTTTATAG' TAAATGACTG “TTATATAAGG ATGTTGTTAC AGAGAGGTAT GAGTGTAGTT *

ca—e

GGTARATTAT GITCTTCACG GTGTATGTCA CATATTATTT ATTANAACTA GAAMARACAG -
CGTCAAMACT AGCARARATC CAACGGACAA AAAKATCGGC TGAATTTGAT TTGGTTCCAA
CATTTAAMA. AGTTTCAGTG AGAAAGAATC ' GGTGACTGTT GATGATATAA ACAAAGEGCA

CATTGETCAA TAACCATAAA AAATTATATG ACAGETACAG TTGGTAGCAT GTGCTCAGCT ~

ATTGAACAAA TCTAAAGAAG GTACATCTGT AACCGGAACA CCACTTAAAT GACTAAATTA
CCCTCATCAG AAAGCAGATG GAGTGCTACA AATAACACAC TATTCAACAA CCATAAATAA
AACGTGTTCA GCTACTAAAA CAAATATAAA TAAATCTATG TTTGTAAGCA CTCCAGCCAT
GTTAATGGAG TGCTATTGCC TGTTAACTCT CACTTATAAA'AtAGTAGTAG FY

(2) INFORMATION FOR SEQ ID NO:4: LT

(i) SEQUENCE CHARACTERISTICS: e nT
(A) LENGTH: 1294 base pairs
(B)Y TYPE: nucleic acid
(C) STRANDEDNESS: single

" 900

950

“1020

~1080
1140°
1200

1260
1320
11372
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(D) TOPOLOGY: tlinear
(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:
AAABATAGAA TGCAATAACA TACGTTCTTT TATAGGACTT AGCAAAAGCT CTCTAGACAT 60
TTTTACTGTT TAAAGGATAA TGAATTAAAA AACATGARAG ATGGCTAGAG TATAGATACA 120
CAACTATTCG ACAGCAACGT AAAAGAAACC AAGTAAAAGC AAAGAAAATA TAAATCACAC™ 180
GAGTGGAAAG ATATTAACCA -AGTTGGGATT CAAGAATAAA GTCTATATTA AATATTCAMA = 240 .
AAGA'[AAATT TAAATAATAT GAAAGGAAAC ATATTEAATA CATTGTAGTT TGCTACTCAT . . 300
AATCGCTAGA ATACTTTGTG -CCTTGCTAAT AAAGATACTT GAAATAGCTT AGTTTAAATA - 360
TAAATAGCAT AATAGATTTI’ AGGAATTAGT ATTITGAGTT TAATTACTTA TTGACTTGTA - _ 420~ -
ACAGTTTTTA TAATTCCAAG GCCCATGAAA AATTTAATGC TTTATTAGTT TTAMACTTAC - 480
TATATAAATT TITCATATGT AAAATTTAAT CGGTATAGTT CGATATTTTT JCAATTTATT - 540 .
TTTATAAAAT ARARAACTTA CCCTAATTAT CGGTACAGTT ATAGATTTAT ATAAMAATCT . 600
ACGGTTCTTC AGAAGAAACC TAAAAATCGG TTCGGFGCGGE ACGGTTCGAT CGGTTTAGTC ~.. 660
GATTTTCAAA TATTCATTGA CACTCCTAGT TGTTGTTATA GGTARAAAGC AGTTACAGAG . 720
AGGTAAAATA TAACTTAAAA AATCAGTTCT AAGGAAAAAT TGACTTTTAT AGTAAATGAC - 780 .
TGTTATATAA GBATGTTGTT ACAGAGAGGT ATGAGTGTAG TFEGTAMATT ATGTTCTTGA 840
CGGTGTATGT CACA]'ATTAT TTATTAAAMAC TAGAAAAAAC AGCGTCAAAA CTAGCAMAAA 900
TCCAACGGAC AAAAAAATCG GCTGAATTTG ATTIGGTTCC AACATTTAAA AMGTTTCAG .. 960
TGAGAAAGAA TCGGTGACTG TTGATGATAT AAACAAAGEG CACATTGGTC AATAACCATA 1020
AAAAATTATA TGACAGCTAC AGTTGGTAGC ATGTGCTCAG CTATTGAACA AATCTAAAGA 1080
AGGTACATCT GTAACCGGAA CACCACTTAA ATGACTAAAT TACCCTCATC AGAAAGCAGA 1140
TGGAGTGCTA CAAATAACAC ACTATTCAAC AACCATAAAT AAAACGTGIT CAGCTACTAA - 1200 °
AACAAATATA AATAAATCTA TGTTTGTAAG CACTCCAGCC ATGTTAATGS AGTGCTATTG . 1260
CCTGTTAACT CTCACTTATA AAATAGTAGT AGAA 1294
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(2) INFORMATION FOR SEQ ID NO:5:
(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 1030 base pairs
(B) TYPE: nucleic acid ce -
(C) STRANDEDNESS: single S
(D) TOPOLOGY 'l‘lnear

(i1) MOLECULE TYPE DNA (genomc) K Lo

(x1) SEQUENCE-DESCREPTION: SEG-ID-NQO:5% - ~°7 = = &=
GOAMCATAT TEARTACATT ‘GTAGTTTGCT ACTCATAATC GCTAGAATAC TITETECCTT T 60

N Tara

GCTANTAALG ATACTAGAAA TAGCTTAGTT TAAATATAAA TAGCATAATA GATT r IAGGA B 120

ATTAGTATTT TGAGTITAAT TACTTATIGA CTTGTAACAG TTTTTATAAT TCCANGECCC 180
ATGASARATT TAATGCTTTA TTAGTITTAA ACTTACTATA TAAATTTITC ATATETAAMA 240

-~

TTTAATCGGT ATAGTTCGAT ATTTTTTCAA TTTATTTTTA TAKAATAAAA MCTTACCCT 300

-.,,...-
e A

ANTTATCGGT ACAGTTATAB ATTTATATAA AAATCTACGG TTCTTCAGAA GAAACCTAMA 360
AATCGGTTCG GTECGGAEGE TTCGATCGGT TTAGTCGATT TTCARATATT CATTGREACT ™ 420
CCTAGTTGTT GTTATAGGTA AMAAGEAGTT ACAGAGAGGT AMATATAAC TTAMAKATC 480
AGTTCTAAGS AARAATTGAC TTTTATAGTA AATGACTGTT ATATAAGEAT GTTGTTACAG ~ ~ 540
AGAGGTATGA GTGTAGTTGE TAARTTATGT TCTTGACGGT GTATGTCALA TATTATTTAT 600
TAMMACTAGA AMARACAGCG TCAARAGTAG CAAARATCCA ACGGACKAAA ABATCGBCTE =/ 660 -
ATTTGATTT GGTTECAACA TTTAARNAAG TTTCAGTGAG ARAGAATCGG TGACTGTTGA 720‘

TGATATAAAC AAAGGGCACA TTGRTCAATA ACCATAMMA ATTATATGAC AGCTACKGTT 780
GGTAGCATGT GCTCAGCTAT TGANGAAATC FANAGAAGGT ACATCTGTAA COCBARCACC B4O
ACTTAAATGA CTAAATTACE CTCATCAGAA AGCAGATGGA GTGCTACAAA TAACACACTA ~ ~ 900
TTCAACAACC ATAAATAAAA CGTGERCAGC TACTAAAACA AATATABATA AATCTATGTT 960.

TGTARGCACT CCAGECATGT TAATGGAGTG CTATTGCCTS FTAACTCTCA CTTATAMAAT ~* 1020

I

(“\

-

AGTAGTAGAA -7, =~ =« =TT T T S T »1036_—.-
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(2) INFORMATION FOR SEQ ID NO:6:

(i) SEQUENCE CHARACTERISTICS: ... .
(A) LENGTH: 722 base pairs ‘ .
(B) TYPE: nucieic.acid - - . . - .. .. -
(C) STRANDEDNESS: single

(D) TOROLOGY.: limear ... . - o -r '

(11) MOLECULE TYPE:, DNA (genomc)

(xi) SEQUENCE DESCRIPTION:-SEQ-ID NO:6:
GTACAGTTAT AGATTTATAT AAAAATCTAC' GGTTCTTCAG AAGAAACCTA AMAATCGGTT ‘60

CGGTGCGGAC GGTTCBATCG GTTTAGTCGA TTTTCAAATA TTCATTGACA CTCCTAGTTG ©~ ~ 120

TTGTTATAGG TAMAAAGCAG ‘TTACAGAGAG-GTAAAATATA- ACTTAAMAAA- TCAGTTCTAA - 180
. GGAAAAATTG ACTTTTATAG:TAMTGACTG TTATATAAGG: ATGTTGTTAC AGAGAGGTAT -~ 240

GAGTGTAGTT GGTAAATTAT GTTCTTGACG GTGTATGTCA CATATTATIT ATTAAAACTA ~ ° 300 -

GAAAAAACAG CGTCAAAACT AGCAAAAATC CAACGGACAA AAAAATCGGC TGAATTTGAT 360
TTGGTTCCAA CATTTAAAAA AGTTTCAGTG AGAMAGAATC GGTGACTGTT, GATGATATAA . 420
ACAAAGGECA CATTGGTCAA TAACCATAAA AAATTATATG ACAGCTACAG TTGGTAGCAT . 480
GTGCTCAGCT ATTGAACAAA TCTAAAGAAG GTACATCTGT. AACCGGAACA, CCACTTABAT 540
GACTAAATTA CCCTCATCAG AAAGCAGATG GAGTGCTACA AATAACACAC TATTCAACAA 600
CCATAAATAA AACGTGTTCA GCTACTAAAA CAAATATAAA TAAAT_CTA.T__G_T ﬁTGTAAgcA . 660
CTCCAGCCAT GTTAATGGAG TGCTATTGCC TGTTAACTCT CACTTATAAA ATAGTAGTAG 720
" Lo i rea

Av o e e - - - s . .. R R N e . .. oy

(2)° INFORMATION- FOR SEQ D NO:7:  *° - = =" -

“- (i) SEQUENCE CHARACTERISTICS: ™ - -~ == = ==
‘- (A). LENGTH: 574 base pairs--. - - .~ .-« .. . . -
' (B) TYPE: nucleic acid e ot

(C) STRANDEDNESS: -single.

(D) TOPOLOGY: linear

““"(41) MOLECULE TYPE: DNA (genomic) ~



- WO'97/05261 PCT/US96/12158

s
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
AGGTAAAATA TAACTTAAAA AATCAGTTCT AAGGAAAAAT TGACWAT AGTAAATGAC' 60
TGTTATATAA GGATGTTGTT ACAGAGAGGT ATGAGTGTAG. TTGGTAMTT ATGTTC]TGA 120
CGGTGTATGT CACATATTAT TTATTAAAAC TAGAAAAAAC AGCGFCAAAA CTAGCAAAAA 180
TCCAACGGAC AAAAAAATCG GCTGAATTTG ATTTGGTTCC AACAJT?%AA AAAGTTTCAG 240
TGAGAAAGAA TCGGTGACTG TTGATGATAT AAACAAAGGG CACATTGGTC AATAACGATA - 300
AAAKTTATA TEACACTAC AGTTGGTAGC ATGIGCTCAS CTATTGARCA AATCTAMGA | - 360
AGGTACATCT GTARCCGOAA CACCACTTAA ATGAGTAMT TACGCTCATC AGMMAGCAGA -+ 420
TEGAGTGCTA. CAATARCAC, ACTATTCAAC, AACCATARAT. AAMACGTGTT :GAGGTACTAA -2 480
AACAAATATA AATAARTSTA TGTTTGTANG: GACTCEAGEC ATGTFAATGG: AGTGCTATES 540 "
CCTGTTAACT CTCACTTATA AAATAGTAGT-AGAA -~ : = - = - o voeri:7oy 2 574

3
1
2
3
]

. X . . . N . N R oI BRI Sy S aas .
e i RS L ~ A P N e A PR [

o~ o B R R e R AN m e e

(2) INFORMATION FOR'SEQ'ID NO:8: =77 "% @ " /= ' —wrmee

(1) SEQUENCE CHARACTERISTICS: = = 'iv s ioreer o o
, (A) LENGTH:. 523-base pairs,.~.  vup s - seoAa_ s ces
(B) TYPE riucleic’acid ~ : ' 7 :

. (C) STRANDEDNESS:. §1nGle v - = = .one o = oy, = = oo i
(DY TOPOLOGY® 1ifear = =i 7™ ki it -
" (1) MOLECULE TYPE: DNA (Genomiic) ~~~ =~ 7 = - = -
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8: |
GTAAATGACT GTTATATAAG GATGTTGTTA CAGAGAGGTA TGAGTGTAGT TGGTAAATTA 60

TGTTCTTGAC GGTGTATGTC ACATATTATT TATTAAAACT AGAAAAAACA GCGTCAAAAC. - - 120 -
TAGCAAMAAT CCAACGGACA AAAAAATCGG CTGAATTTGA TFTGGTTCCA ACATTTAAMA - 180
AGTTTCAGT GAGAAAGAAT CGGTGACTGT TGATGATATA AACARAGGGC ACATTGGTCA 240
ATAACCATAA AAAATTATAT GACAGCTACA GTTGGTAGCA TGTGCTCAGC TATTGAACAA 300

MNACTAAATT P(‘PT‘I‘AT!‘ Arn
B u"‘b‘fw\ll I'\\.:\ab \ﬁ'\'l\.l . - WUV

GAAAGCAGAT GGAGTGCTAC AAATAACACA CTATTCAACA ACCATAAATA AAACGTGTI'C 420
AGCTACTAAA ACAAATATAA ATAAATCTAT GTTTGTAAGC ACTCCAGCCA TGTTAATGGA 480
GTGCTATTGC CTGTTAACTC TCACTTATAA AATAGTAGTA GAA 523
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-40-

(2) INFORMATION FOR SEQ ID NO:9:

" (i) SEQUENCE CHARACTERISTICS: i
. 7 (A) LENGTH:-220 base pai®s -- R
- (B) TYPE: nucleic acid T , o
(C) STRANDEDNESS: singie’ ‘
- (D)" TOPOLOGY:-1ipear - ~° "7 = . Sl T T

(11) MOLECULE TYPE: DNA (genomic)

" (x1) SEQUENCE DESCRIPTION SEQ 1D, NO 9 o ". ““--f

TAAAuAAGGT ACAJCTGTAA CCGGAACACC ACTTAAATGA CTAAATTACC CTCATCAGAA
AGCAGATGGA GTGCTACAAKX TAACACACTA TTCAACAACC. ATAAATAAAA CGTGTTCAGC
TACTAAAACA AATATAAATA AATCTATGTT TGTAAGCACT CCAGCCATGT TAATGGAGTG'.‘
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THAT WHICH IS CLAIMED IS:

1. An isolated DNA nmlecule whlch directs
root cortex specific transeription of LTa. downstream
heterologous DNA segment in a plant ce;; sald isolated

DNA molecule having a sequence selected frdm the group
consisting of:

(a) SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ

ID NO:4, SEQ ID NO:5, SEQ 1D NO 6,,SEQ.ID NO 7,'SEQ ID
NO:8 and SEQ ID NO:9 prov1ded ‘Herein, and

- {b) DNA' sequences “which ‘hyBridize to- ‘isclated

DNA having -~a..sequence  of " taY above, undex’ ¢ofiditiens

represented by a wash strlngency-of -0.3M, NaCl 0 03 Md;

sodium c1trate, 0 1% SDS at 60°, and whlch dlrect root

cortex specific transcrlpélon igfj';dti:deﬁnstream
heterologous DNA segment in a plant cell.

2. A DNA construct comprising an expression
cassette, which construct comprises, in the 5’ to 3°
direction, a Tobaccc RD2 promoter and a heterologous DNA
segment positioned downstream from said promoter and
operatively associated therewith.

3. A DNA construct comprising an expression
cassette, which construct comprises in the 5’ to 3’
direction, a Troot cortex specific promoter and a
heterologous DNA segment positioned downstream from said
promoter and operatively associated therewith, wherein
said root cortex specific promoter has a sequence
selected from the group consisting of:

(a) SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ
ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID
NO:5 aud SEQ ID NO.5 provided hercim, and

(b) DNA sequences which hybridize to isolated
DNA having a seguence of (a) above, under conditions
represented by a wash stringency of 0.3M NaCl, 0.03 M
sodium citrate, 0.1% SDS at 60°, and which direct root
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cortex specific transcription of -a downstream
heterologous DNA ,segment in a plant cell

, _<'4;u A DNA. construct accordlng to claim 3,
whereln said construct further comprlses a plasmid. B

5. A. .DNA construct. according to claim 3,

‘ whereln said heterologous .DNA segment_*s a ;gene-. coding

for an insecticidal protein.

6. . A. DNA.-construct accordlng to: claim 4,

whereln said heterologous DNA.segment is. a-gene: coding

for a Bacillus thurlnglen51s crystal protein toxic to

- P IR Lot

. .7 ; LB =

R 7.” .A plant cell”contalnlng a -DNA - construct

a accordlng to clalm 3.0 L. S

15

.. P . - .. . - =

'.A.... . RN
oM N - . >

. . . . PR -
EEE A N

o 8. : A method of maklng a -transformed plant,

comprlslng regenerat;ng .a.. plant -from . a- -plant  cell
accordlng to claim 7.

- . PPN . L

ey it -

9.:,<An‘ Agrobacterzum 1+ . tumefaciens cell

o contalnlng a. DNA construct accord:l.ng .to c¢laim 3, and

20

. =

whereln Sald DNA .construct further comprises a Ti
plasmld.... T R

-

10. A method of making a transformed plant,
comprlslng 1n£ect1ng a- plant -.cell with an Agrobacterium
tumefaczens accordlng to claim 9 to produce a transformed’
plant cell and then regenerating -a. plant from said

25-.transformed plant cell..- . - -

- .

A

. R < .

--Te

11. A microparticle carrying a DNA construct
according to -claim .3, wherein:.said microparticle is
sultable_ for the balllstlc transformation of a plant
cell
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12. A method of miking a t::ansformed'glant,
comprising propelling a microparticle according to claim
11 into a plant cell to produce a transformed plant cell,

I EI

cell. STt L. Sl SRR -

c

1377 A *plant’ ¢eli” protoplast containing a DNA

l4. A method of maklng a transformed plant,
comprising = re€generating--a - plant‘ from a plant cell

protoplas’e accord:l.ng to cla:Lm 13" wEoE. L IEE R
: ez Sorne emiTintios
- Nt ocLe30: Iszo LLetTouIUnE el

15. A transformed plant comprising transformed
plant cells, said transformed plant cells containing a
heteroldgeus DNA construct - which conStruct comprises in
the 5’ to 3’ direction, a root cbrtéx spec1f1¢ promoter
and a heterologous DNA segment pos:.tloned downstream from

said: prémoter *and cperat:wely ’aSSOC:La'ted therew:.th said

" promotetr da.rect‘lng Yoot cortex 'sp‘éc1f1c transcrlptlon of

said heterologous DNA segment. = *r= - F% ToA=vEol

£.°227°187 A transformed pEant aécordlng to claim 15,
whereirf said” réot~cortex sp‘etlflc promotert'ls a Tobacco

RD2 prowiotér -%hich dfrects - root” c‘ortex specmflc

transcription of a downstream heterologous DNA’ segment in’
a plant cell.

. e e - -~ . B R

- .
e M -l - P -~
=

RN & ‘A;transfor'me‘cl plant adééfd&hgr tb‘ éIa:Lm 1s,
wherein: said:'prémcoter has-a sequence' selected from the
group consistinmg of:--~ s T bos

(a) SEQ ID NO:1, SEQ TP Wo:2, -szdib'No?j,
ID NO:4., SEQ ID NO:5, SEQ ID NO:&, SEQ TD NO:7, SEQ ID

. NO:8 and SEQ ID.NO:9 provided-herein,” and-*

- .2=¢ ~(b) DNA: sequences which'hilbridize‘i’tc{ izslated
DNA having a -sequente  of->(a) -above, under éonditions
represented by a wash stringency of 0.3M NaCl, 003 M
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sodium citrate, 0.1% SDS at 60°, and which direct root
cortex specific transcription of a downstream
heterologous DNA se gment in a pldnt cell

i8. A transformed.plant éccording to claim“ls,
5 wherein said plant is a dicot.

19. A transformed plant according to claimils,
wherein said plant is a monocot. :
20. a transform=d plant according to.claimfls,
wherein said plant is a tobacco (Nicotiana tabacum)
10 plant.

2. Bn isolated DNA moleculé-'ccnsisting
essentially of a ‘promoter wnich directs root cortex
specific transcription of a downstream heﬁerologcuéfDNA
segment in a plant cell and having a sequence selected

15 from the group con_s;i-s"ti,ng :‘o'f-‘SEQ ID NOS:1-9 provided
herein.

22. A DVA construct comprising an expression
cassette, which construct comprises, in the 5’ to 3

) direction, a promoter according to claim 21 and a
20 heterologous DNA segment pOSltloned downstream from said
' _promoter and operatively assoc1ated thereWith.

S R .
. . . s
P . ¢ . ‘

23. A transformed plant comprising transformed
plant cells, said transformed plant cells containing a
DNA construct according to claim 22.

o AT g
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